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Soil grain size distribution: 
55% clay (grain size < 2μm)
25% fine silt (grain size between 2 - 6μm)
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The raw monitoring data
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Inverted resistivity vs. Unfrozen water content
Region 1 – Frozen soil
o Volumetric unfrozen water content 17 -
23%. 
o Ground temperature up to -3°C.
o Resistivity changes rapidly even with 
small changes in liquid water content. 
o No hysteresis is observed.
Inverted resistivity vs. Unfrozen water content
Region 2 – Freezing/thawing soil
o Volumetric unfrozen water content 23 -
70%. 
o Pronounced hysteresis in the freeze-thaw
cycle
o Resistivity during freezing consistently
higher (~ factor of 10) than during
thawing at the same unfrozen water
content 
o Volumetric unfrozen water content 17 -
23%. 
o Ground temperature up to -3°C.
o Resistivity changes rapidly even with 
small changes in liquid water content. 
o No hysteresis is observed.
Inverted resistivity vs. Unfrozen water content
Region 3 – Thawed soil
o Following the complete thaw in June/July 
and up until the beginning of the new 
freezing cycle, ground resistivity changes 
are not clearly related to changes in 
unfrozen water content
o Volumetric unfrozen water content 23 -
70%. 
o Pronounced hysteresis in the freeze-thaw
cycle
o Resistivity during freezing consistently
higher (~ factor of 10) than during
thawing at the same unfrozen water
content 
o Volumetric unfrozen water content 17 -
23%. 
o Ground temperature up to -3°C.
o Resistivity changes rapidly even with 
small changes in liquid water content. 
o No hysteresis is observed.
Consistent pattern every year …
Timescale
2012 - 2015
Suggested explanations (in laboratory studies):
• pore-scale fluid distribution associated with saturation history (Knight et al., 1987; Knight, 1991, Ruggeri 2015);
• surface conduction at the air/water interface resulting from charge density and zeta potential at the air/water interface 
(McShea and Callaghan, 1983; Laskowski et al., 1989; Knight, 1991).
Resistivity hysteresis in partially-saturated 
sandstone (Knight, 1991)
Resistivity hysteresis during imbibition and 
drainage cycle (Ruggeri, 2015)
Field-measured UWC 
@0.3m
Volumetric fractions of 
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@0.3m
empirical power 
function (Lovell, 1957)
resistivity mixing relation 
(geometric mean, Archie,…)
Implications for modeling…
freezing:
UWC = 0.25
ρ = ~ 6000 Ωm
thawing:
UWC = 0.25
ρ = ~ 800 Ωm
Conclusions
o Pronounced hysteresis of  the unfrozen water content, ground temperature and resistivity
o The hysteresis can only be captured if frequent sampling is performed (i.e. at least 8 
measurements per day for the unfrozen water content)
o The resistivity hysteresis complicates quantitative interpretation of time-lapse resistivity 
monitoring surveys in terms of changes in unfrozen water content in the seasonally-frozen portion 
of the ground
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Thank you for your attention
Questions…?
Constrained inversion using historical VES data
Unconstrained inversion – equivalency issues… 
Ground temperature timeseries
Temperature amplitude
Processed 1D time-lapse resistivity data


3 years of monitoring data
